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SUMMARY

Determinations of -air-flow quantity have been made
in front of and behind three orifice plates to dstermine
the errors introduced in the guantity measurements by the
turbulence behind the orifice plates. For the orificé
plates tested, the regults showed that the measurements
must be taken 40 to 60 hole diasmeters downstream from the
plates to insure accuracy. A tendency for tae indicated
static pressure to rise during the decay of the turbulence
wag found. In all cases, the lndicated total preasure
dropped during the decay of turbulence. ' .

INTRODUCTION

Orifice plates have come into general use for simulat-
ing radiators and other resistance elements in studles of
air flow in cooling ductas. Althougb orifice plates have
the advartage of much lees scesle effect than acreens used
for this purpose, the large-scale turbunlence that they 1in-
troduce interfereos with the measurements of veloclty and
prepsure loss when these measurements must be made close
behind the plate. The purposes of the vresent investigation
conduoted at Langley Eemorial'&efqnautical_Laboratory was
to determine the varlation of the magnitudes of the ‘errors
in the measurements of velocity and preasure loss with
distance of the measuring tubes bohind the ‘orifice plate.

: ' . SYMBOLS

Qo alr-flow quantity meamsured ian froat of orifice plate

Q1 ailr-flow quantity measured behind orifice plate




" Qo dynamie pressure at station upstream of orifice plate
Po static pressure at atation upstream of orifice plate
H, total pressure at,upat}eam face of orifice plate

P3 indicated static pressure at station behind orifice
plate

Hy indicated totel pressure af station behind orifice
plate

APPARATUS AND METHODS

The duct system uged in the tests 1s shown diagram~-
maticeally 1n flgure 1. It consliated of 2 uniform rectan-
gular test sectlion of sheet metal, with a large woodsen
tell at the inlet and an expaanding pessage at the.outlet
leading to a variable-speed blower. The velocity of the
entering eir flow was measunred by means of a network of
statlc~pressure and total~pressure tubes placed in the
throat of the bell (fig. 2). A esimilar network of tubdes
(fig. 3) waa used for the downstreanm measurements, which
wore made at three diffgrent distances from the orifice
plate: 92, 20%, and 27 inches, as indicated in figure 1.
The alrepeed was about 67 feet per second for all tests.
All pressurea were recorded simulteneously by means of a
100-tube pbotographic manometer.

The three orifice plates tested, which are designated
orifice plates 1, 2, and 3 (figs. 4, 5, and 6), were made
of $:-inch steel plate, with punched $~inch or }~-1inch
holes. No effort was made to round off the edges formed
by the punch, These edges faced upstream for orifice
plates 1 and 2 and downstream for orifice plate 3. The
direction in which the edges faced, however, produced no
appreciable effect an the preseure-drop coefficient, accord-
ing to reference l. Orifice plate J had a design pressure~
drop coefficient of 2.6 (reference 1). The other two
plates had design pressure~drop cosfficients of about 6.0
but differed in hole dlameter. The characteriestics of the
three orifice plates are summarized in the followlng tabdle:
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_Orifice|open area | "Hole "[3F6f coefficlent Measured
" plate |to froxtal|dlameter| (from.fig. 7 of|{pressure-drop
- ]. :area’ | "(184) | reference 1) coefficient

= 1. £ 0+891 . 33/4- 6.3 6.8

8¢ 2 : . 403 1/3 6.0 B.9

":l ! ) 3 -540 3/4' ' 2.6 3.0

_ BESULTS 4A¥D DISOUSSION

. .In figute 7 the ratio of the air-flow quantity

- .4ndiéated by thé measurementd behind the orifice plate to
--the true.air-flow quanbity indiocated by the meagurements
in froat .-of the orifice plate Qi/Qo 1@ plotted against
distance behind the orifice plate. Simple arithmetic
avéragee of the. indicated velocttiea ware uaged in comput-
ing these air-flow quantities. With orifice plate 1,
whigch had the highest pressure drop, Qi was 16 percent
- ?ﬁoo-high'when meagured 9% inches behind the plate and 5

"percent too high at 27% inches behind theé plate. With

orifice plate 3, which had the lowest presaure drop, Qi

. wgs Yoo hibh by 7 percert amd 2.5 percent, respectively,
at these two statlons. It 18 likely that at least part

" of: the error at:the downstream station 1s due to the
.abasence of measuring tibes in the low-velocity boundary
layer. along the wall. This error did not exist in the
meaaurement of Qo ©Yecmuse the boundary layer at the bell

throat was very thin.

-

It appears, then, that for orifice plates of the type
lnvestizgated, air-flow gquantities measured behind the
piate will be considerably too high unless the measuring
tubes are between 40 and 60 hole dilametera downstream from
the-plate. This Iength of . duct will hardly be availlabdle,
however. unless-the orifices are smaller than those used
in these testav.” For example, 1f scale effect 1s negligible,
i-inch orifices would be satlsfactory in a full-scale sim-
unlated esthyleme~glycol radiamtor duct. TFor this caase, the
.orifice plate would be placed where the front face of the
rediator would be and the measuring tubes would be placed
10 or 12 lichea farther bdack,:whers the rear face would be.

In figures 8, 9, and 10 the pressure-drop coefficients,
as determined from the readinga of both the atatic-pressure
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tubes and‘fh§'£5tai-pfasanro tubes, are plotted against
diastance behind the orifice plate, Behind orifice plates
1 and 2, the measured -static pressure py tends to in

crease along the passage; the pressure drop determined
from the statlic-pressure measurements carrespondingly
decreases, At least part of this statio-pressure rise

1s due to & tranaformation of a portion of the random
kinetio energy to static pressure during the decay of the
turtulence,

The measured tota} pressure 31 decreases along the

passage, and the pressure drop determined from the total-
pressure measurements correspondingly increases, Hers,
again, part of the effect is dues to the decay of the tur-
bulence, The decrsase in the measured total pressure 1is
dus to the following factors: First, the readings of a
total-pressure tube in a turbulent flow are increased by
a dynamic pressure based on the mean square of the turbu-
lent velocities (reference 2); and, second, this dynamiec
pressure 1s not entirely recovered as total pressure dur- .
ing the decay of the turbulence, The two types of pressure-—
drop determination nearly agree where the error in the
measurement of the air-flow quantity becomes small .~ that
1s, at 40 to 60 hole diameters downstream from the orifice
plate,

It will be noted that the relative errors in the
pressure—-irop determination were, at least €for orifice
plates 1 and 3, less than the errors in the determination
of the ailr-flow quantity, Thus, the maximum difference of
the pressure—drop coefficlents measured bdbehind the orifice
Plate 1s only about 6 percent of their mean value in fig-
ures 8 and 9 and about 8 percent in figure 10,

CONOLUSIONS

1, Measured air-flow gquantities may be 10 to 15 per-
cent too high if the measuring tubes are 16 to 20 hole
diameters behind an orifice plate., 4 distance of 40 to 60
hole diamsters must be used for accuracy,

3. Pressure Adrops as determined from total-pressure—
tube readings increass with distance of the tubes from the
orifice plate; pressurs drops as determined from static-
pressure-tube readings tend to decrease with distance of
the tubes from the orifice plate. TYor the orifice plates
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. .toated, .the_two pressure drope become nearly equal at 40

to 60 hole diameters behind the plate, where the intensity
of the turdbulence in the alr flow ls greatly decreased.

Langley Memorial Aeronautical Laboratory,
Nationel Advisory Committee for Aeroneuntica,
Langley Field, Va.
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Figure 1.- Schematic diagrem of test sectlon.
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Figs. 4,5,6
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Figure 4.- orifice plate 1.

Figure 5.- QOrifice plate 2.

Figure 6.~ Orifice plate 3.
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Figure 7.~ Error in flow-quantlty measuraments downstream of orifice plate.
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